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I NTRO D U C TIO N
Patients with hypothyroidism often have concurrent diastolic hypertension and hyperlipidaemia, and are hence susceptible to the development of coronary heart disease. Previous studies have shown that hypertension occurs in 20%-40% of hypothyroid patients. (1, 2) However, the association between hypertension and subclinical hypothyroidism or high normal thyroid-stimulating hormone (TSH), also known as thyrotropin, remains controversial. A large population-based study performed on the habitants of Norway showed a positive linear association between the normal reference range of TSH and blood pressure. (3) Ruhla et al found that a high normal TSH was associated with a 1.7-fold increased prevalence of metabolic syndrome, (4) and since hypertension and insulin resistance are important symptoms of metabolic syndrome, the authors suggested that high normal TSH may be a risk factor for hypertension and insulin resistance. A possible mechanism that could explain the association of increased TSH with increased blood pressure is endothelial dysfunction resulting from a reduction in nitric oxide availability, leading to increased systemic vascular resistance independent of hyperlipidaemia. (5) It was also revealed that endothelial dysfunction in subclinical hypothyroidism could be partially reversed by levothyroxine supplementation. In the present study, we explored the relationship between subclinical hypothyroidism or high normal TSH and blood pressure in a population. The study population was originally recruited during a health survey on the prevalence of thyroid disease and diabetes mellitus in the district of Baoshan in Shanghai, China. Since existing research conducted in other populations have suggested that insulin resistance may also be associated with blood pressure, (7, 8) we investigated the relationships among serum TSH level, insulin resistance and blood pressure.
M E TH O DS
Individuals recruited in this study were local residents of the suggested, (10) Unpaired t-test was used to examine the difference in baseline characteristics between males and females.
Logistic regression analysis was performed to detect risk factors for hypertension. Since the relationship between serum TSH and blood pressure may be inconsistent in the male and female groups, (11) logistic regression analyses were also performed in male and female subgroups. Analysis of variance (ANOVA) was performed to examine the association between blood pressure and different TSH ranges in females and males. Spearman correlation analysis and multiple linear regression analysis were used to analyse the relationships among HOMA-IR, TSH and blood pressure levels.
RESUlTS
Of the 2,988 residents investigated, 2,344 individuals were included in the statistical analysis. The baseline characteristics of the 2,344 individuals are shown in Table I . As shown in (Fig. 1 ), but not in the male group (data not shown).
Using Spearman correlation analysis, significant association was found between TSH and HOMA-IR (r = 0.05; p = 0.017).
However, after adjusting for the confounding effects of BMI and WHR on insulin resistance, multiple linear regression analysis showed that TSH was not significantly associated with HOMA-IR. The significant independent factors for variation of HOMA-IR were drinking (p = 0.001), BMI (p < 0.001), WHR (p = 0.017) and SBP (p < 0.007).
DISCUSSION
In this cross-sectional study, we found that raised serum TSH concentration was a significant independent risk factor for hypertension in the middle-aged and elderly female population. The female group with high normal TSH was more susceptible to hypertension than the group with low normal TSH. We also found that higher BMI and WHR, old age, male gender, history of hyperlipidaemia and drinking were independent risk factors for hypertension. Surprisingly, after adjusting for the effects of the covariates WHR and BMI, no significant correlations were found between blood pressure and HOMA-IR, or between TSH and HOMA-IR.
The effects of thyroid hormone on blood pressure regulation and the cardiovascular system are well recognised. The effects of hypothyroidism on the cardiovascular system include increased systemic vascular resistance, decreased cardiac output and narrowed pulse pressure. Increased sympathetic activity and adrenal activation in hypothyroidism may also contribute to the development of arterial hypertension. (12) As even a mild degree of hypothyroidism may have health consequences, the upper limit of the normal range of serum TSH has decreased over the years. (10, 13) Individuals with TSH values in the high normal range have endothelial dysfunction and decreased endothelium-dependent vasodilation. (14) Therefore, thyroid function may play a role in the pathogenesis of hypertension in euthyroid individuals. The results of our study are in accordance with some previous studies, (3, 15, 16) supporting the viewpoint that subclinical hypothyroidism and high normal TSH are correlated with higher blood pressure in females. However, a study conducted in an Italian population did not find any significant correlation between TSH and blood pressure. (17) In a communitybased study, Walsh et al also suggested that subclinical hypothyroidism was not associated with hypertension in a Western Australian population. (6) While the exact causes of this discrepancy are not clear, we note that these studies enrolled individuals based on different criteria. While the individuals (17) and Walsh et al's study included young people. (6) This difference in enrollment criteria may in part explain the disparity in the results. Another possible reason is population-specific heterogeneity. For example, Boucai and Surks' study showed that serum TSH concentrations were different between whites and blacks.
The present study used a Chinese sample, while the studies by
De Pergola et al (17) and Walsh et al (16) used Caucasian samples.
It is thus possible that the genetic differences between Chinese and Caucasians contributed to the discrepancy in the results.
Furthermore, differences in iodine intake in different regions of the world or within the same country may also affect the results of these studies. Part of the results of Liu et al's research, (11) which was conducted on a population aged 18 -85 years in northeast China, was not in accordance with the results of the present study. In Liu et al's study, the prevalence of hypertension was significantly higher in females from the subclinical hypothyroid group than in those from the euthyroid group, but variations of TSH within normal range did not affect blood pressure. (11) This minor disparity may be due in part to different enrollment criteria and a difference in iodine intake between the northern and southern regions of China.
Prior to adjustment for the effects of the covariates BMI and WHR, HOMA-IR was associated with both TSH and blood pressure. However, after adjustment, these associations were no longer found to be significant, in line with previous studies. (17, 18) This finding implies that obesity-associated anthropometric indices, such as BMI and WHR, may have some confounding effect on the relationship between TSH and insulin resistance. Previous studies have also suggested that peripheral resistance to thyroid hormone may be present in individuals with obesity or insulin resistance, and that the control of TSH secretion by free thyroid hormones is possibly impaired in obesity. (14, 17) Thus, different levels of obesityassociated anthropometric indices in the studied populations may have induced the aforementioned inconsistent results regarding the association analysis between HOMA-IR and TSH, before and after adjustment for BMI and WHR. Therefore, it can be speculated that the improved insulin resistance observed during weight loss, especially the amelioration of central obesity, may help to lower blood pressure.
There are some limitations in the present study. First, the sample size of the male group was relatively small. This may have led to low statistical power in finding a significant result in the correlation analysis between TSH and blood pressure in males. Second, instead of serum lipid profiles, the history of hyperlipidaemia in the cohort was analysed. This may have resulted in the loss of some information in the present study. These important variables should be included in any future research.
In conclusion, the present study provides evidence of the detrimental effects of subclinical hypothyroidism and high normal TSH on hypertension. It will therefore be beneficial if more attention were given to the management of cardiovascular disease in patients with these characteristics, especially if they are elderly and female. 
